ABSTRACT In an attempt to alleviate the deleterious effects of high summer temperatures, the present study investigated the effects of wet feed and cold water on the growth performance, carcass and meat quality, leg problems, physiological responses, and blood parameters of growing Muscovy ducklings. A total of 180 4-week-old ducklings was randomly divided into 6 experimental groups in a 3 × 2 factorial design that included 3 feed systems (AD: ad libitum dry; DW: diurnal wet; and AW: ad libitum wet) and 2 systems of water (TW: tap water; and CW: cold water). Access to wet feed and cold water affected the growth performance, dressed carcass, gizzard, meat quality (tenderness, juiciness, and susceptibility), tonic immobility, body temperature, and blood parameters [albumin: globulin (A: G) ratio and levels of glucose, alanine transferase (ALT), total antioxidant capacity (T-AOC), and malondialdehyde (MDA)] of the ducklings but had no significant effect on plumage condition, shank length, keel bone length, leg problems, or breast blisters. The body weight (BW) of the DW group was 1.97 and 3.12% greater than that of the AD and AW groups, respectively, and the BWG of the DW group was 6.91 and 10.72% greater than that of the AD and AW groups, respectively. Therefore, providing access to wet feed and cold water is highly recommended when raising Muscovy ducks in open houses under hightemperature conditions.
INTRODUCTION
The high ambient temperatures that occur during the summer stress and evoke a combination of behavioral, immunological, and physiological changes in birds (Sahin et al., 2002; Farghly et al., 2014; Abd El-Hack et al., 2017a , 2017b . For example, heat stress significantly depresses appetite and feed consumption, thereby increasing the time needed to reach marketing weight (Akinola et al., 2015) , and also disturbs mineral balances, hormonal secretion, blood metabolism, and immune function (Aengwanich 2007) . Accordingly, there has been substantial interest in reducing the negative effects of high summer temperatures (Awojobi et al., 2009 (Awojobi et al., , 2011 Dei and Bumbie 2011; Farghly 2012) .
The production of heat by birds is influenced by a variety of factors, including feeding activity, and one of the most practical and promising techniques for enhancing birds' ability to withstand high ambi-ent temperature is to provide wet feed and cold water. Wet feeding, in particular, has been reported to improve daily weight gain and feed intake in broilers that might otherwise fail to consume sufficient quantities of dry mash or to attain their genetic growth potential (Afsharmanesh et al., 2010 (Afsharmanesh et al., , 2016 . Indeed, wet feeding increases dry matter intake, growth rate, and feed conversion ratio (FCR) (Awojobi et al., 2009) . Afsharmanesh et al. (2016) , e.g., reported that broiler chickens consistently benefited from a diet of conventional feed mixed with 1.3 parts water by weight. This effect could be attributed to changes in the physical properties of the feed and an increased rate of penetration by digestive juices, rather than to the improved palatability or pre-digestion of the feed between wetting and consumption. In general, broilers more readily accept feed in wet form than in dry form (Mikkelsen and Jensen 2001) . Wet feed can improve both daily weight gain, feed intake, and sometimes even FCR (Afsharmanesh et al., 2006) . Therefore, the main objective of the present study was to elucidate the effects of feed form and water temperature on the growth performance, carcass and meat quality, leg problems, physiological responses, and blood parameters of growing Muscovy ducklings during the summer.
MATERIALS AND METHODS

Ethical Statement
The present study was conducted at the Poultry Research Farm (Poultry Production Department, Faculty of Agriculture, Assiut University) in Assiut, Egypt, and all experimental procedures were performed in accordance with the Committee of Local Experimental Animal Care and were approved by the institutional ethics committee of the Poultry Production Department.
Experimental Design, Birds, and Diets
The experiment was performed during the summer, during which the ambient temperature ranged from 26.1
• C at night to 35.3 • C at midday, and relative humidity ranged from 45.5 to 61.0% (Table 1) . A total of 180 4-week-old Muscovy ducklings was randomly divided into 6 experimental groups in a 3 × 2 factorial design that included 3 feed systems (AD: ad libitum dry; DW: diurnal wet; and AW: ad libitum wet) and 2 systems of water (TW: tap water; and CW: cold water). The experimental birds were fed a diet that included 21.26% crude protein and 2,905 kcal/kg until 16 wk of age (Table 2 ) and were kept under a 16 light:8 dark photoperiod with a light intensity of 10 to 20 lux/m 2 .
Investigated Measurements
At 4, 8, 12, and 16 wk of age, the body weight (BW), body weight gain (BWG), feed consumption (FC), and FCR of the ducklings were determined, and at 16 wk of age, 3 birds from each experimental group were slaughtered for further analysis. The carcasses of these representative samples were manually dissected, in order to determine the absolute and relative (i.e., percent final weight) weights of the entire carcasses, dressing (carcass and giblets), evacuated intestinal tracts, as well as the absolute and relative (percentage carcass weight) weights of the of livers, hearts, gizzards, and abdominal fat. Several conformation parameters (i.e., shank and keel bone lengths and body depth) also were measured, as were the occurrence of health problems such as poor plumage conditions, breast blisters, and leg problems (i.e., foot pad burns and hock discoloration). Meat quality traits were measured according to Nath et al. (1996) and Kumar and Sharma (2004) . Dead birds were recorded on a daily basis and are expressed as the percentage of birds that died during the experimental period. Blood samples were centrifuged at 3,000 rpm for 15 min, and the resulting plasma was stored at −20 • C until analysis. The total protein, albumin, globulin, cholesterol, and glucose levels of the plasma, as well as the transaminase enzymes activities [aspartate transferase (AST) and alanine transferase (ALT)], total antioxidant capacity (T-AOC), and malondialdehyde (MDA) level, were determined colorimetrically, using diagnostic kits from Spectrum (Cairo, Egypt).
Statistics
Statistical analysis was performed using the General Linear Model (GLM) procedure (SAS Institute, 2009), and whenever significant differences were identified, Duncan's multiple range test was used to compare means (Duncan, 1955) . The model of analysis was as follows:
Where: μ represents the overall mean, F i represents the effect of feed system, W j represents water system, FW ij represents the interaction effect of the feed and water systems, and E ij represents the random error.
RESULTS AND DISCUSSION
Body Weight and Body Weight Gain
Feed system had no significant effects on either BW or BWG, except at 16 wk for BW and during the 12 to 16 and 4 to 16 wk periods for BWG (Table 3) , and the DW group clearly exceeded the AD and AW groups, in terms of both BW and BWG (P < 0.05). More specifically, the BW of the DW group was 1.97 and 3.12% greater than that of the AD and AW groups, respectively, and the BWG of the DW group was 6.91 and 10.72% greater than that of the AD and AW groups, respectively, during the 12 to 16 week period and 1.96 and 3.45% greater during the 4 to 16 week period (Table 3) . This impact could be attributed to changes in physical feed characteristics that increase the rate of penetration by digestive juices and that improve the palatability and pre-digestion of the feed between wetting and consumption (Afsharmanesh et al., 2016) . Consistent with our results, Farghly (2012) reported that the BW of Japanese quail that were fed wet feed was significantly (P < 0.05) higher than that of quail that were fed dry feed: 5.8, 5.0, 5.3, and 3.9% greater at 6, 16, 20, and 24 wk of age, respectively. Scott and Silversides (2003) and Akinola et al. (2015) also demonstrated the positive effect of food wetting on the BWG of broilers and chickens, respectively, and Awojobi et al. (2009) suggested that wet feed stimulates both the intake of dry matter and growth rate of broiler chickens.
Meanwhile, water system also affected the BWG of the ducklings, with the CW system yielding the heaviest (P < 0.01) ducklings at 12 and 16 wk of age and significantly greater (P < 0.05 or 0.01) BWG values at all studied periods, when compared to those of the TW system. This finding could be attributed to the reduction of panting rate by CW and the maintenance of homeostasis in the CW birds, as illustrated by Abioja et al. (2010) , especially when considering May et al. (2000) , who postulated that the growth rate of birds is reduced when ambient temperature increases, owing to the lower feed consumption of panting birds. Indeed, heat stress causes a variety of physiological responses, including the release of corticosteroids, such as corticosterone, which can limit BWG in poultry (Gross and Siegel, 1981) , whereas cold water ameliorates the impacts of heat stress, thereby allowing birds to gain more weight (Abioja et al., 2010) . Similar results were obtained by Abioja et al. (2011) , who reported that the weekly and total weight gain of broilers with access to CW were significantly (P < 0.001) greater than those of broilers that were given access only to water at ambient temperature (i.e., TW), and Dei and Bumbie (2011) demonstrated that wet feed improves the growth performance and feed intake and reduces the heat stress damage of broilers grown in tropical regions. Park et al. (2015) also found that broilers given CW were heavier than those given TW. The interaction between the feed and water systems was also significant, in regard to both BW and BWG (P < 0.05 or 0.01) and at all studied periods, except at 4 wk for BW. Furthermore, the pairing of the CW and AD treatments yielded greater BW and BWG values than the other treatment pairs (Table 3) .
Feed Intake and Feed Conversion Ratio
Although the DW group exhibited somewhat greater FC (at all studied ages) and FCR (at 12 to 16 and 4 to 16 wk of age), feed system had no significant effects on either FC or FCR (Table 4) . Scott and Silversides (2003) stated that wet feed consistently increases daily feed intake but only sometimes improves FCR. Scott (2002) suggested that the addition of water before feeding allows digestion to take place at the moment and encourages birds to eat more and, consequently, to grow more quickly. Therefore, it is possible that birds are unable to consume enough dry feed to meet their genetic growth potential. Furthermore, fermented wet feed may reduce both the pH and number of coliform bacteria in the gastrointestinal tract of birds (Afsharmanesh et al., 2010) . Wet feeding of cereal-based diets caused a disproportionally larger increase in FC than in growth rate and could be reflected on a statistical improvement in FCR, as explained by Yasar and Forbes (2000) . In addition, Farghly (2012) stated that the average FCR of growing Japanese quail that received wet feed was significantly (P < 0.05) greater than that of quail that received only dry feed.
Access to CW significantly (P < 0.05) increased FC (except at 12 to 16 wk) and improved FCR (at 12 to 16 and 4 to 16 wk), when compared to access to TW (Table 4) . Similarly, Glatz (2001) demonstrated that the consumption of feed by layers was enhanced by access to CW for the first 4 wk of treatment and less so thereafter, and Park et al. (2015) reported that broilers with access to CW consumed more feed than those given access to TW. However, Okelo et al. (2003) reported that CW had no effect on either the FC or FCR of broilers kept under heat stress conditions.
The interaction between the feed and water systems was also significant in regard to FC (P < 0.05) over the total study period (4 to 16 wk) and on FCR (P < 0.01) at 12 to 16 and 4 to 16 wk of age. More specifically, the pairing of the CW and DW treatments yielded the greatest FC value (156.24 g/bird/d), whereas the pairing of the CW and AW treatments yielded the best FCR values (6.42 and 4.22) at 12 to 16 and 4 to 16 wk, respectively.
Carcass Traits and Meat Quality
Feed system had no significant effect on either carcass traits or meat quality scores (Table 5 ). These findings partially agree with those of Farghly (2012), who reported that the dressed weight (%) of birds that received wet feed was significantly (P < 0.05) greater than that of birds that received dry and mash diets. Percentages of liver, heart, and gizzard were not significantly affected. Meanwhile, water system affected only gizzard weight (%), meat tenderness, juiciness, and susceptibility in a significant manner (P < 0.05 or 0.01), and the ducklings with access to CW possessed greater values than the ducklings with access to TW for each of these parameters. Similarly, Abioja et al. (2011) suggested that water temperature had no significant effect on either dressed weight or relative giblet weight, when compared to birds offered TW. However, Park et al. (2015) reported that CW had no significant effect on relative gizzard weight.
Furthermore, the interaction between the feed and water systems was also significant (P < 0.05 or 0.01) for all the carcass and meat quality traits, except for the relative weights of heart, liver, and fat (%) and meat color and flavor (Table 5 ). The pairing of the CW and AD treatments yielded the greatest dressed weight (%), tenderness, and susceptibility values, whereas the pairing of the CW and AW treatments yielded the best values for relative gizzard weight (%) and juiciness.
Blood Parameters
Feed system had no significant effect on any of the measured blood parameters (Table 6 ), whereas water system significantly affected all the blood parameters, except TP, Alb, A: G, and MDA. More specifically, the CW treatment significantly (P < 0.05 or 0.01) increased globulin (Glob), glucose, and T-AOC levels and significantly (P < 0.05 or 0.01) reduced Chol level and AST and ALT activities. Similarly, Park et al. (2015) reported that CW increased blood concentrations of total cholesterol and glucose. Furthermore, significant (P < 0.05) interaction effects were observed for the A: G ratio and levels of glucose, ALT, T-AOC, and MDA. The pairing of the TW and AD treatments yielded the greatest A: G ratio, ALT, and MDA values, whereas the pairing of the CW and AD treatments yielded the greatest values for glucose and T-AOC (Table 6 ).
Physiological and Behavioral Traits
Feed system had no significant effect on any of the physiological or behavioral traits measured in the present study. Similar results were reported by Farghly (2012) , who found that feed system failed to affect plumage condition, even though the wet feed group exhibited lower mortality rates. However, Farghly (2012) reported that at 8 and 16 wk of age, the body temperatures of birds that were offered wet feed were significantly (P < 0.05) lower than those of birds that received dry and mash feed. Our results showed that tonic immobility and body temperature were statistically (P < 0.05 or 0.01) lower in the CW group than in the TW group. Indeed, Butcher and Miles (2003) also reported that chickens with access to CW had better survival rates than those that had access only to TW. However, Abioja et al. (2011) reported that water temperature had no effect on the mortality of broilers during the hot, dry season. Finally, interaction effect was significant only for tonic immobility and body temperature, with the lowest Table 6 . Effect of wet feed and cold water on blood parameters and antioxidant capacity of growing Muscovy ducklings. a-c Means in the same column with no superscript letters after them or with a common superscript letter following them are not significantly different (P < 0.05).
SEM: standard error mean. a,b Means in the same column with no superscript letters after them or with a common superscript letter following them are not significantly different (P < 0.05).
SEM: standard error mean.
values for each of the aforementioned parameters being associated with the combination of the CW and AD treatments and of the CW and AW treatments, respectively.
CONCLUSIONS
Based on both performance efficiency and physiological data, the findings of the present study demonstrate that the simultaneous use of wet feed and cold water for raising Muscovy ducks in open houses is superior to other combinations of feed and water systems. Therefore, the use of wet feed and cold water is highly recommended when raising Muscovy ducks in open houses under high-temperature conditions.
